"Histocytoid" cardiomyopathy (also called isolated cardiac lipidosis, infantile xanthomatous cardiomyopathy, lipid histiocytosis, focal myocardial degeneration, or focal lipid cardiomyopathy) is a rare but distinct clinicopathologic syndrome of infancy. It is characterized by severe, recurrent, and fatal arrhythmias or cardiac arrest and by the presence of uniquely altered cardiac cells (1 I) . The abnormal cells are often found in clusters throughout the myocardium, lack myofibrils, and have foamy cytoplasms. By electron microscopy, they show massive accumulation of mitochondria and less marked deposits of lipid droplets and glycogen (1, 4, 1 1, 28) . The disorder has been reported in 18 patients; 15 were girls. All but one case were sporadic, and the etiology is unknown ( I, 4, l I, 28).
We have studied an infant girl with typical clinical and pathologic features of histiocytoid cardiomyopathy. Biochemical studies of cardiac muscle showed a marked defect of reducible cytochrome 6, suggesting that the disease may be due to an inborn error of mitochondria1 electron transport.
A 3-week-old girl was referred to the Children's Hospital of Los Angeles for evaluation of failure to thrive and tachypnea. She was born at full term gestation to a 17-year-old gravida-2, para-1 mother with "borderline" diabetes. The pregnancy was complicated by urinary tract infections, and the mother took ritodrine hydrochloride from the 6th to the 8th month of gestation (10 mg three times a day during the 6th month, and 10 mg twice a day during the 7th month) to arrest premature labor. The patient's sibling was alive and well at age 3 years.
The baby was well at birth and was discharged in apparent good health. However, she was a poor eater and at 3 weeks of age she weighed 150 g less than at birth. At admission, the patient was alert, with normal spontaneous movements and no evidence of hypotonia. On physical examination there were no significant murmurs; the liver was palpable 3 cm below the right costal margin and the spleen tip was palpable. The chest roentgenogram showed massive cardiomegaly. The electrocardiogram (Fig. 1) showed a short PR interval, left ventricular hypertrophy, and changes suggestive of ischemia. The echocardiogram (Fig. 2 ) demonstrated hypertrophy of both ventricles and the ventricular septum with diminished contractility consistent with hypertrophic cardiomyopathy. The initial diagnosis was glycogenosis type I1 (Pompe disease) for which a muscle biopsy was performed. Histochemical examination, including modified Gomori trichrome stain (lo), and ultrastructural studies showed no abnormalities. Five days after admission, the baby vomited, became cyanotic, and had cardiac arrest. Cardiopulmonary resuscitation procedures were unsuccessful and the baby died at the age of 4 weeks.
Autopsy was performed, with informed parental consent, 2 h after death. The heart was greatly enlarged and weighed 65 g (expected weight, 20 g). The lungs were atelectatic; liver and spleen were not enlarged. There were multiple cysts in the ovary and hyperplasia of mesenteric lymph nodes. Microscopic studies showed diffuse but focal myocardial changes characterized by enlarged muscle fibers (histiocyte-like cells) with only remnants of myofibrils, large accumulations of mitochondria, slightly increased amount of fat and decreased glycogen content (Fig. 3) . Other organs showed nonspecific changes: chronic pneumonitis, mild fatty degeneration of the liver, acute tubular necrosis of the kidney, and multiple follicular cysts of the ovaries.
SPECIAL STUDY METHODS
The muscle biopsy and portions (approximately 2 g) of heart, liver, and kidney obtained at autopsy were stored at -70'C and shipped to the biochemistry laboratory on dry ice. For studies of described by Bookelman et al. (3) for frozen skeletal muscle. mitochondria1 enzymes, tissues wre homogenized in 9 volumes Electron microscopic analysis showed that the fraction was comof 0.15 M KCl, 50 mM Tris-HC1 (pH 7.4) with all-glass, motor-posed almost exclusively of mitochondria or mitochondrial fragdriven homogenizers, and centrifuged at lOOOg for 10 min.
ments. The activities of cytochrome c oxidase (27), succinateMitochondria were isolated from cardiac muscle (1 -1.5 g) as cytochrome c reductase (22), and NADH-cytochrome c reductase (22) and carnitine acetyltransferase (15) were measured by described spectrophotometric procedures, and the activities of carnitine octanoyltransferase (2) and carnitine palmitoyltransferase by "isotope exchange" assays (20) both in crude tissue extracts and in mitochondria1 preparations. The spectra of reduced-minus-oxidized cytochromes were recorded at room temperature in a double-beam spectrophotometer (Cary 210) as described (3) . Respiratory chain components were reduced by the addition of succinate (10 mM) and ADP (1.6 mM) in the presence of cyanide (1.0 mM). To reduce cytochrome b selectively, antimycin A, which blocks electron transport between cytochromes b and c, was used instead of cyanide (Fig. 4) . The contents of cytochromes were calculated from the height of the peaks using the extinction coefficients suggested by Bookelman et al. (3) .
Control hearts were obtained at autopsies performed 2 to 4 h after death from five patients (6 months to 68 years of age) who had died of neurologic or neuromuscular diseases not affecting the heart. To control for postmortem changes, a portion of papillary muscle was obtained during open heart surgery for mitral valve replacement and frozen immediately. The patient was a young adult with chronic hypoxia but without cyanosis. More detailed clinical data are not available, but the cardiac muscle appeared normal by light microscopy. This same muscle was used to study myosin (ATPase activity and subunit composition) and several glycogenolytic and glycolytic enzymes: all data were normal. All tissues were stored frozen in liquid nitrogen or in a deepfreezer at -70°C for periods of 6 months to 5 years.
SPECIAL STUDY RESULTS
In crude extracts of the patient's heart, several mitochondria1 enzymes had normal or increased activities, including cytochrome c oxidase and the long, medium and short chain acyl- carnitine transferases (Table 1 ). In contrast, succinatecytochrome c reductase activity was only 6% of the normal mean. This decrease could not be attributed to postmortem changes because the activity was similar in four control hearts obtained at autopsy and in a specimen of cardiac muscle obtained during open heart surgery ( Table 1) . The defect of succinate-cytochrome c reductase was confirmed in isolated heart mitochondria ( Table 2 ). In the mitochondrial fraction, NADH-cytochrome c reductase activity was present but, in contrast to normal, it was insensitive to rotenone ( Table  2 ). The lack of rotenone-sensitive NADH-cytochrome c reductase suggested that the defect involved that portion of the respiratory chain which cames electrons derived from the oxidation of both NADH and succinate (Fig. 4) . This portion includes complex 111 (reduced coenzyme Q-cytochrome c reductase), cytochrome c, and complex IV (cytochrome c oxidase) (Fig. 4) . Studies of reduced-minus-oxidized cytochrome spectra in isolated mitochondria showed a virtual lack of the cytochrome b peak in the cu region (562 nm) and, even more conspicuously, in the 7 region (427 nm) of the spectrum (Fig. 5) . Cytochrome aa3 was normal, as predicted by the normal cytochrome c oxidase activity, while the content of cytochrome cc, was decreased, but to a much lesser extent than cytochrome b ( Table 3) .
Addition of antimycin A to reduce cytochrome b selectively revealed a single peak in both the a and 7 regions in normal heart mitochondria, while virtually no peak was seen in the patient's mitochondria (data not shown). The activities of cytochrome c oxidase, succinate-cytochrome c reductase, and NADH-cytochrome c reductase (+rotenone) were normal in the patient's muscle biopsy (succinate-cytochrome c reductase: 0.54 (Fig. 1) . Although the attention of pathologists has focused on the peculiar shape of these histiocyte-like cells and their increased lipid content, the increased number of mitochondria represents the distinctive and probably primary change (1 1). However, no biochemical studies have been performed so far and, in fact, an inborn error of metabolism has been considered unlikely ( I, 4, l I, 28).
Similar morphologic changes, with greatly increased number of mitochondria and less marked accumulation of neutral fat and glycogen, have been described in skeletal muscle of many patients with "mitochondrial myopathies" (1 2-15 ). Systematic studies of muscle mitochondrial function in these clinically heterogeneous disorders have documented an increasing number of specific biochemical errors, including several distinct defects of the respiratory chain components (5, 7, 8, 17) .
Application of similar biochemical techniques to the heart of this patient showed severe impairment of the succinate-cytochrome c reductase and of the rotenone-sensitive NADH-cytochrome c-reductase activities while other mitochondrial enzymes, including cytochrome c oxidase, were normal. Analysis of the spectra and content of cytochromes in isolated mitochondria further defined the defect: there was a marked decrease of reducible cytochrome b and a mild deficiency of cytochrome cc,. The patient's heart was frozen 2 h post mortem and autolysis may have contributed to the abnormal data. However, this is unlikely for several reasons: I ) control hearts also obtained and frozen 2 h after death did not show similar alterations; 2) the biochemical values in control postmortem hearts were similar to those obtained in freshly frozen cardiac tissue; 3) the biochemical abnormality was specific and other enzymes were not affected.
This presumably inborn impairment of electron transport and energy production could cause mitochondrial proliferation in the heart as it does in skeletal muscle, although the mechanism of this phenomenon remains obscure. A secondary impairment of lipid oxidation could explain the abnormal accumulation of lipid droplets in the hearts of patients with histiocytoid cardiomyopathy.
Cytochrome b deficiency in skeletal muscle has been reported in five patients (6, 14, 16, 18, 23) with different clinical syndromes. A father and son (23) and one other patient (18) had limb weakness, dementia, ataxia, myoclonus, and areflexia, while the other patients (6, 14, 16) had only extreme intolerance to exercise. The three unrelated patients had no family history of similar disorders. Cytochrome b is part of a complex (reduced coenzyme Q-cytochrome c reductase, or complex 111) composed of multiple polypeptides. The apoenzyme of cytochrome b is one of the few proteins known to be coded for by mitochondrial DNA, while the other components of complex I11 are encoded in nuclear DNA and synthesized in the cytoplasm (25) . Genetic defects of complex 111 could, therefore, be due to mutations of the mitochondrial or nuclear genome. A mutation of the mitochondrial genome in histiocytoid cardiomyopathy could cause Fig. 5 . Difference spectra of reduced-minus-oxidized cytochromes recorded at room temperature in mitochondrial fractions isolated from frozen heart. Dotted line, control; solid line, patient with histiocytoid cardiomyopathy. The three arrows indicate the peaks for cytochrome aa3 (602 nm), b (562 nm), and ccl (554 nm) in the a region of the spectrum. The lack of the cytochrome b peak in the patient's mitochondria is even more evident in the -y region of the spectrum where a single high peak at 441 nm (cytochrome nu,) is seen instead of the usual distinct peaks at 427 nm (cytochrome 6) and 441 nm. cytochrome b deficiency and explain the lack of evidence for mendelian transmission of the disease. A strictly maternal, vertical type of heredity would be expected for a mitochondrial genetic trait (25) and has recently been shown in several families with "mitochondrial cytopathy" (9) , but the invariably fatal nature of histiocytoid cardiomyopathy might prevent this type of transmission. Also, genetic defects of mitochondrial DNA would be expected to be generalized, while in our patient there was no clinical or pathologic involvement of tissues other than the heart, and biochemical findings were normal in skeletal muscle and liver. Conversely, in the four patients with documented defects of reducible cytochrome b in skeletal muscle, there was no clinical or laboratory evidence of cardiopathy (6, 14, 16, 18, 23) . Genetic defects of one or more of the nuclearly coded polypeptides of complex 111 may impair the assembly of the complex and result in lack of reducible and spectrophotometrically demonstrable cytochrome b. The partial defect of cytochrome cc, in our case may be due to a deficiency of cytochrome c,, which is also a component of complex I11 (Fig. 4) . Immunological studies have shown lack of at least three complex I11 proteins in skeletal muscle mitochondria from one patient with a defect of reducible cytochrome b (6, 14) . Similar analysis is needed to define the biochemical defect of histiocytoid cardiomyopathy at the molecular level. If the genetic defect involves one or more of the nuclearly coded polypeptides, it should be transmitted by mendelian inheritance for which, however, there is no evidence.
More detailed genetic considerations will have to await definition of the molecular defect. With our patient, 16 of 19 known cases affected girls: this striking predominance of affected females is unexplained.
Several inborn errors of metabolism cause cardiomyopathy: among the glycogenoses, typically infantile acid maltase deficiency (Pompe disease) and, less frequently, debrancher enzyme deficiency (8) . Among the disorders of lipid metabolism, systemic carnitine deficiency may cause severe but treatable heart disease (24, 26) . Histiocytoid cardiomyopathy represents the first biochemically documented disorder of cardiac mitochondria. Other cardiomyopathies of unknown etiology may be due to specific defects of mitochondrial metabolism, especially when they are accompanied by morphological alterations of mitochondria ( 13, 19, 21) . As in the case of "mitochondrial myopathies," this promises to be a fruitful area of clinical investigation.
